IN 1960 the results of relating death rates from cancer of the lung and bronchus with measurements of air pollution by specific constituents of smoke obtained throughout a year in 23 districts in a geographical band from Anglesey to Tyneside in Britain were found to show substantial correlations after allowing for social factors (Stocks, 1960) .
IN 1960 the results of relating death rates from cancer of the lung and bronchus with measurements of air pollution by specific constituents of smoke obtained throughout a year in 23 districts in a geographical band from Anglesey to Tyneside in Britain were found to show substantial correlations after allowing for social factors (Stocks, 1960) .
In the same year, following discussions on the epidemiology of cancer of the lung, a simultaneous study of smoking and air pollution was initiated in a number of cities and the outcome of this in conjunction with previous studies of a similar kind is recorded in Section 1.
Approaching the same problem from a different angle, a statistical study lhas been made of the cigarette consumption per adult and the consumption of solid and liquid fuels per head of population in 19 countries in various years related to lung cancer death rates of men at different ages, and the results of this are given in Section 2.
The outcome of an analysis of age-specific death rates from cancers of the lung and stomach in four conurbations of England and in the areas surrounding them during periods of years since 1921 with a view to a better understanding of the reasons for the urban excess in mortality is recorded in Section 3.
Finally, in Section 4, a hypothesis that smoking and air pollution affect only those persons who have first developed a susceptibility to lung cancer is examined in the light of the findings from these and other studies.
(1) SURVEY OF CIGARETTE SMOKING, AIR POLLUTION AND LUNG CANCER
MORTALITY IN EIGHT LOCALITIES

Initiation of the survey infour cities
The survey of tobacco smoking and air pollution was made in four cities outside Great Britain where reliable death rates by age and cause were available. Histories of smoking were ascertained from samples of the population drawn from registers, and measurements of air pollution were made by a standard technique with analyses carried out at the same laboratory. The first cities investigated were Dublin and Belfast, and in 1961 Exioting data from other localitie8.
Studies had been published for several localities which satisfied the criteria required for comparability with the data from the four cities, the requirements being that (a) details of cigarette smoking in the population of various ages must be derived from large and valid samples, (b) air pollution must be measured throughout a year by filters at 4 or 5 points, (c) 1958-63 . 1958-63 . 1959-63 . 1959-63 . 1958-62 . 1958-63 . 1958-63 . (Stocks, 1958) . To allow for a possible tendency for heavy smokers to form a larger proportion of hospital inpatients than would be found in the general population of the same ages, smoking rates among some 360 men who died from cancer of the stomach, a condition not apparently affected by cigarettes, were used as a check. For men, but not women, hospital selection was significant and the average numbers of cigarettes smoked per day shown in Table III Tables 31 and 32 of the survey report (Stocks, 1958) , and no correction was found necessary for hospital selection in these areas.
Measurement of air pollution.
The equipment was made by the Warren Spring Laboratory and consisted of an inverted funnel fixed outside a window at 3 to 6 metres above ground level with inlet tube dividing into two channels, each leading through a filter, suction pump and gas meter to measure the volume of air drawn in, which averaged 4 cubic metres per day. When suspended matter is collected in this way by continuous passage of air, variations due to weather and season are mostly eliminated but concentrations at different points in a city may differ, and in order to reduce this variability 4 or 5 sites were chosen so that the average of the measurements would give as good an index as possible of the pollution to which a resident was exposed during a year. In North Wales the sites were in the Conway Valley, Llangefni, Ruthin and Flint, the first of these being rural and the others small towns typical of the area. In Belfast, Dublin, Helsinki and Oslo amounts of total smoke were found by direct weighing of the deposit on the glass fibre filters whilst in the earlier studies the reflection method of estimation had been used (Stocks, 1960) . In Oslo the two measures differed by only 1-1 per cent but in Dublin and Belfast rather larger differences were found.
The polycyclic hydrocarbons determined were 3,4-benzopyrene, 1, 12-benzperylene, 1,2-benzopyrene and coronene, and the analyses were made by the technique described by Stocks, Commins and Aubrey (1961) . The trace elements shown in Table IV were determined at Warren Spring Laboratory by spectrographic methods as described in the same paper, the filters being aggregated for each site for a whole year so as to produce sufficient material. For the hydrocarbons six month aggregates were examined, designated summer and winter in Table VI. In Copenhagen during a year starting in October 1954, sampling stations had been installed at four sites, the filter papers being analysed in London and the results published by Campbell and Clemmesen (1956) . In Liverpool and North Wales 4 sampling stations were used in each area from October 1954, and the results for total smoke and a number of hydrocarbons and trace elements were published in a series of papers (Stocks, 1958 (Stocks, , 1960 Stocks et al., 1961 21, 20, 21, 8. average) to 0-56 at 45-54 and 0-27 at 55-64, the figure at 65-74 which does not appear in the table being 0-24.
The third measure of smoking, proportion of all men of the specified ages who had smoked habitually 20 or more cigarettes daily, is seen from Table III Table VII shows that when this heavy smoking index is correlated with the death rate at the same age the coefficients are 0-76 at 35-44 (or 0-95 if cigarillos are included in Copenhagen), 0-69 at 45-54 and 0-36 at 55-64. It appears from the two measures of amounts smoked that the effect of excessive cigarette smoking in raising death rates from lung cancer is greatest around age 40 and becomes progressively weaker at later ages.
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of those at 55-64 and 65-74, when they are plotted against the proportion of men aged 45-54 who had smoked 20 or more cigarettes per day in the upper diagram, and against the average number smoked per day in the lower diagram. Logarithms have been used for the vertical scale because the death rates increase so greatly from 35 to 75 and because the distance between the graphs is a measure of the ratio between the death rates at that point. Whichever index of smoking is used the separation between the graphs at 35-44 and 55-64 decreases as the index rises, and this is shown at the foot of each diagram by graphs depicting the trend of the logarithm of the ratio between mortality at 55-64 and 35-44. The actual ratios are given in Table IV where the localities are arranged from left to right in descending order of the proportion of men aged 45-54 who had been smokers of 20 or more cigarettes daily. The ratio between the death rates at 55-64 and 35-44 rises without intermission from 12-5 to 33*3 as the smoking index falls from 18-2 to 12-6 per cent, and the correlation coefficient is 087. Correspondence with the other smoking index is almost as good. In contrast the slope of the mortality curve after 55 as indicated by the ratios does not correspond with smoking frequencies. This diminishing relation with smoking indices in men as age advances and the disproportionate enhancement of mortality about age 40 where smoking indices are high is incomprehensible according to current ideas as to how smoking affects lung cancer incidence, and this will be discussed further in Sections 2 and 4.
Air pollution and lung cancer mortality (Stocks, 1960 1961-2 . 1962-3 . 1962-3 . 1954-5 . 1956-8 . 1957 Table VI shows very low concentrations of the hydrocarbons in Oslo during the summer with winter/summer ratios far in excess of those in Belfast, Dublin and Helsinki. The ratio of coronene to 3,4-benzopyrene which tends to be low in coal smoke and higher in petrol smoke was greater in summer than in winter in all four cities. When air pollution is considered in conjunction with the smoking indices Liverpool and Belfast have high rates for both, whichever sex is considered. Dublin has moderate air pollution with high smoking by both sexes; North Wales has moderate air pollution with moderate smoking by men and low smoking by women; Copenhagen and Oslo have low air pollution and low smoking rates. The two factors are positively correlated in this series which comprises all the areas for which the necessary data are available, and this makes it rather difficult to distinguish the effects of the two factors upon lung cancer mortality. . 14 2-1 . 5-7 2-9 .
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13-8 Table VII shows the correlation coefficients between various pollution indices in Table V (Stocks, 1960) .
The two hydrocarbons and three elements denoted by " P " in Table V had combined concentrations as shown in the 6 areas, and Table VII indicates that correlation between this measure of air pollution and male mortality amounted to 0-58 at ages 35-44, 0 70 at 45-54 and 0-69 at 55-64. For females the coefficient at 35-44 is 0-92 and at higher ages about 0-6. For men, however, cigarette smoking seems to be the more important factor before age 55 whereas after that air pollution seems to take precedence as might be expected from the tendency for heavy smoking to affect mortality most at the early ages. Assuming that the proportion of heavy smokers and the " P " index of air pollution are additive in their influence on the male death rate the two factors from Tables III and V have first been expressed in terms of their mean values in the 6 areas and then combined with weights of 1: 1, 2: 1 and 3: 1, the resulting figures being correlated with the death rates yielding the coefficients at the foot of Table VII .
When the associations of cigarette smoking frequency and amounts of the five air pollutants with death rates from lung cancer are thus combined in proportions of 2 or 3 to 1 the correlations for men aged 35-44 exceed those for either factor taken alone and approach the high level of 0 9. At ages 55-64 the coefficient with smoking was 057 and with air pollution 0-69 but in combination the correlation increased to about 0-85. Thus the correlation between the male death rate from lung cancer and the total amount of 3,4-benzopyrene, 1,12-benzperylene, arsenic, beryllium and molybdenum in the air was statistically significant by itself at ages 55-64, and when combined with the frequency of heavy smokers with relative weights of 1 to 2 or 3 the correlation became very strong both at those ages and at 45-54.
These findings may be considered to furnish inadequate evidence for a causal effect of carcinogens in the air upon lung cancer because the number of areas investigated was so small. When values obtained in 1953-54 for the combined concentrations of the " P " constituents in 17 towns in Lancashire (excluding Liverpool which has been used in the present study), Cheshire and West Yorkshire are extracted from Tables II and VII of the paper published in 1960 (Stocks, 1960) and correlated with the standardised death rates of males from lung cancer in 1950-53, as given in Table III of that paper, the result is a coefficient of 0-785 which is highly significant. Further evidence for a causal effect of air pollution by coal smoke in 19 countries is obtained in Section 2 below, and indications that the urban excess of lung cancer in English conurbations arises from that cause are found in Section 3.
(2) RELATION BETWEEN LUNG CANCER DEATH RATES OF MALES IN 19 COUNTRIES AND CONSUMPTION OF CIGARETTES, SOLID AND LIQUID FUELS
The United Nations Organisation has produced annual statistics since 1951 of the consumption of solid and liquid fuels in different countries, measured in metric tons of coal equivalent and in kilograms per head of population, and the data for 1951-52 and 1955-58 have been used in the present study (U.N.O., 1957, 1960) . Details of the annual consumption of cigarettes per adult in various countries derived from official trade statistics since 1920, or as far back as they were available, have been assembled by the Tobacco Research Council (Todd, 1963) . Death rates from cancer of the lung and bronchus by sex and age have been correlated with those factors for 19 countries where the rates were sufficiently reliable and for which the national data of cigarettes and fuels were available. Calculation of the death rates was facilitated by the compilations of Segi and Kurihara (1962) . Table VIII shows the mean annual death rates per million in 1958-59 for men aged 25-, 35-, 45-, 55-, 65-74, adjusted to correct for differences in age distribution of the population within each 10-year group since the mortality gradient rises steeply. The final columns give ratios between the rate at 55-64 and those at 35-44 and 25-44. The countries have been ranked in order of the cigarette consumption per adult in the year 1952. 1937, 1942, 1947, 1952 and 1957, and death rate from lung cancer was most commonly about 15-20 years but that among men who died at an early age it could be less than this.
In the lower part of the table the changes in cigarette consumption in the 19 countries during successive periods of 5 years have been related to the changes in death rates at 25-34 and 35-44 which occurred 5, 10, 15 or 20 years later between 1952-53 and 1957-58 and between 1957-58 and 1962-63 . Considering first the changes in smoking prevalence from 1937 to 1942, these were not reflected to an appreciable extent in the mortality gradients over 5 years which occurred 15-20 years later. For the next period 1942 to 1947 when cigarette consumption was rising more rapidly in most countries, the mortality changes registered 10-15 years later show positive correspondence with the movements in smoking levels, and this is evident also for the young men who were aged [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] later, the coefficients being negative. This analysis again suggests that men who were under 35 years of age when cigarette consumption was rising rapidly were so affected by the increase as to exhibit corresponding increases in their lung cancer rates after intervals of 10-15 years. This selective effect on early deaths is seen also in the ratios of mortality at 55-64 to those at 35-44 given in the last columns of Table VIII Fig. 3 show the correlations between consumption per capita of solid and liquid fuels in 1955-58 (and of solid fuel also in 1951-52) as given in Table IX with the death rates from lung cancer in 1958-59 in the 19 countries. There was no correspondence between solid fuel in 1951-52 and cigarette consumption at that time, but solid fuel in 1955-58 was related positively with cigarette consumption in 1942, 1947 and 1952 to the extent of 0-390, 0-320 and 0-131, and correction for this has been made by partial correlation so as to separate the associations with air pollution from those with smoking. The relations between death rates and consumption of liquid fuel are zero or slightly negative. With solid fuel consumption 7 years previously the coefficients, after correction for differing cigarette consumption at the time, were 0-68 at 35-44, falling to 0 47, 0.45 and 0-41 at the next three age groups. With solid fuel consumption during the 5 years at ages 35-44 and around 0 5 at later ages. It appears that both factors were related to the death rates independently and to a similar extent, and at the foot of the table the result of combining the two factors with different weights is shown. The multiple effect of combining smoking levels in 1952 with solid fuel levels in the years preceding death in a ratio of 2: 1 was to produce coefficients of 0*76, 0O63, 0-62 and 0O65 at the four ages, and if equal weighting was used the result was almost the same. At ages 35-44 even higher multiple coefficients resulted when smoking levels in 1942 (that is 16 years before the death period) were used, ranging from 0 84 with weights of 2: 1 to 0 75 when the ratio was 1: 2.
(3) URBAN EXCESS OF MORTALITY FROM CANCERS OF THE LUNG AND STOMACH AND FROM BRONCHITIS IN ENGLISH CONURBATIONS SINCE 1921
The existence of a pronounced urban excess in death rates from the three diseases in England and Wales has been commented upon by epidemiologists for many years but the reasons for the cancer differences have remained in some doubt. Better diagnosis and earlier rise in cigarette smoking frequency in the large towns could account for part of the urban excess in lung cancer up to about 1945, but these factors must have so diminished in importance since then as to now account for only a small part of the excess. Stomach cancer and bronchitis have always shown strong gradients of mortality when the population was divided into social classes on an occupational and economic basis. Recent studies have left no doubt also that bronchitis mortality is much affected by coal smoke as well as by cigarette smoking, whilst stomach cancer though apparently affected to some extent by the former is not related with the latter. Study of the behaviour of urban/rural ratios for these diseases by sex and age since 1921 in several regions of England should help to indicate to what extent the urban excess in lung cancer rates, which persists, is attributable to air pollution by coal smoke.
Cancer deaths by sex and age in county boroughs and the surrounding counties during 1921-30, 1931-39 and 1940-46 had been extracted by the General Register Office for the purposes of various studies of the geographical distribution of cancers of the lung, stomach and other sites (Stocks, 1936 (Stocks, , 1939 (Stocks, , 1950 (Stocks, , 1952 (Stocks, , 1958 ; and the bronchitis deaths for those years have been compiled from the Registrar General's Statistical Reviews. From 1950 onwards the division into conurbations and remainders has made the urban ratios not quite comparable with those in 1921-46 since the conurbations incorporate some urban districts and because county boroughs not in the conurbation had to be included in the remainder of the region. The effect of these differences was to increase the urban excess for lung cancer somewhat whilst stomach cancer ratios were hardly affected, as may be seen from a comparison of the two measures of " urban " in the Northern Region for years 1940-46. 100, and in 1950-62 by relating the death rates in Tyneside conurbation as a whole to those for the region excluding the conurbation. At ages where the numbers of deaths were too small in 1921-30 ratios are not shown, and where data for ages [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] and 55-64 could not be separated the groups are combined. At the foot of the table the arithmetical differences between the ratios for lung and stomach cancer are given, the stomach ratios providing a measure of the effects of social class selection between town and country which affects all three causes of death.
Any urban effect of more cigarette smoking there may have been before 1940 would have affected bronchitis as well as lung cancer, and in 1931-39 the urban ratios for these diseases were similar for males though higher for bronchitis in females. In 1950-62 the ratios for both causes were around 140 for each sex after 45, and since any urban smoking excess would no longer account for more than a 10 per cent difference (Buck and Brown, 1964 ) the high ratios can only be attributed to air pollution together with social class differences. Comparison between the lung and stomach cancer ratios in 1950-57 shows however that social selection also could have accounted for only a small part of the ratio differences, and at ages over 45 the high urban ratios for lung cancer are inexplicable apart from air pollution. Table XIII gives the urban ratios during 1921-46 in the West Riding of Yorkshire, obtained by expressing the death rates in the county boroughs of the West Yorkshire conurbation in terms of those in the rest of the county taken as 100, and similar ratios are shown for the period 1954-63 which relate to the whole conurbation. In 1931-39 the urban excess was more pronounced for lung cancer than for bronchitis and this has been true also in recent years. The differences In the original plan for the survey of smoking and air pollution described in Section 1 it was hoped to carry it out in 20 or more cities. An objection advanced after the start was that air pollution levels in many towns have been changing in recent years and their relative values as now measured may not be reliable indications of the relative pollution levels during the years when lung cancer was being initiated among the city residents who are now dying of the disease. The validity of this objection stems from the belief that an interval of twenty years or more elapses between the initiation of the cancer by the action of some substance in tobacco smoke or city air and the resulting death from bronchogenic cancer, but this is an unproven hypothesis which has been shaken by some recent studies. The prevailing view has been stated thus by Clemmesen (1965) : " Most authors accept the assumption of an average latent period of at least 20 years between the beginning of smoking and the development of bronchial carcinoma ". Supposing this to be a valid assumption, it does not follow however that the amount of exposure to smoke during the period 15-20 years before death had been more important in determining when the final stages of the disease would be reached than the amount of exposure during a period only a few years before death occurred. Two studies have shown for instance that the risk of dying from lung cancer is much smaller among men who have stopped smoking cigarettes than it is in comparable groups who have continued to smoke, and this reduction of risk becomes evident soon after the cessation of smoking.
Thus Hammond (1962) found among smokers of 20 or more cigarettes per day that 8588 men who had stopped smoking for 5-9 years suffered a death rate of 72, and 10,788 who had stopped for 10 years or more had a rate of 12, compared with 137 among those who had continued to smoke. Doll and Hill (1964) found a similar reduction of risk among doctors who had stopped smoking. These findings seem to be incompatible with a supposition that smoking starts a process of cancer development which then after a latent period of some 20 years results in the appearance of clinical symptoms regardless of exogenous factors operating during that period. There are many differences between this and another hypothesis, to which little attention has been paid, that cigarette smoking and inhalation of certain substances in air accelerate a process which has been started in the lung already by some endogenous agency. If smoking acts as an accelerator in those persons who are in the latent stage of lung cancer the effects could appear in a few years among heavy smokers who had been in the latent stage for a sufficiently long time. Cessation of the exogenous irritant might then slow down the process of growth, postponing appearance of clinical signs and death from the disease to a later age or allowing death to intervene from some other cause before the cancer had become clinically apparent. According to the latter hypothesis a limited proportion of the population at any moment have been for short or long periods in the latent stage of lung cancer, initiated by an unknown agency, and of these " susceptibles " some expose themselves to smoking or air pollution which hasten progression of the disease to death at an earlier age than may result among the susceptibles not so exposed, many of whom would never reach the clinical stage owing to prolongation of the latent condition. One result of this would be that the proportion of deaths which occur at the younger ages would tend to be greater in cities or countries where heavy cigarette smoking is more prevalent than in cities or countries with low smoking indices, and this is found to be the case in the studies described in Sections (Stocks, 1958) (Stocks, 1953) . This was compared with curves resulting from a simple mathematical formula based on a supposition that c successive cell changes, happening with an annual probability q, were necessary to initiate this form of cancer, after which there would be a latent period whilst the cancer was developing. (Nordling, 1953) . It is reasonable to envisage a similar process operating to initiate lung cancer.
In deriving the formula to calculate the rates of initiation at different ages it is assumed for simplicity that not more than one of the successive cell changes would occur in a single year, so cancer initiation would not start until the end of the cth year of life when the proportion of the population becoming affected is given by the (c + 1 )th term of the binomial expansion of (p + q)C where p 1-q. At the end of the (c + x)th year the proportion becoming affected will be (c + x 1) (c + x-2)..* c px qc
At the ends of successive years from the cti' onwards the proportions are qc; qcpc; qcp2 (c+1) c/1.2; qcp3 (c+ 2) (c + 1) c/1.2.3 etc. and the multiplying factor when passing from age a to age a + 1 is then always (1 -q)a/(a + 1 -c), since p -1 -q, and from this the curve of initiation rates with advancing age can be drawn. Moreover, since there is no reason to suppose any appreciable selection in the risk of dying from causes other than the cancer, the survivors at any age out of a million born will contain the same proportions of persons becoming newly affected as if there had been no mortality, and the resulting curve represents the annual rates of initiation per million living at each age.
Comparison of such curves with rates of dying from lung cancer in cohorts of males born in 5-year periods since [1896] [1897] [1898] [1899] [1900] revealed that no correspondence was possible unless c had the value 5 and that the best agreement resulted when q had the value 0 043, in which case there was an interval averaging about 20 years between age at initiation and age at death, but rather shorter when the age at death was under 35 or over 55. The hypothesis supposes that during the latent interval lung cancer is slowly developing to become clinically manifest during the last few years or months of the interval, and that only those who have become susceptible by completion of the initiation process can develop the disease. Table XIV shows the death rates attributed to lung cancer per million living at various ages among men who had been born at different dates from 1896 to 1920 in England and Wales. The rates were increasing at ages up to 45 in successive cohorts from (a) to (d) but then became steady; and at 45-54 the increase had ceased by cohort (c) and at 55-64 by cohort (b). The mortality curves coalesced from about 1943 onwards, and the curve of initiation rates obtained from the formula corresponds with the trend of death rates L years later, the average interval L for all males being as shown in the last column of the table.
It is a feasible hypothesis therefore that from the 5th year of life susceptibility to lung cancer arises in some of the males after completion of a series of 5 cell changes occurring with an annual probability 0 043, and that susceptibles are thus added at successive ages to the population according to the initiation rates per million living shown in the table. There would follow a latent period of growth to the stage when it becomes clinically recognisable and finally results in death. the interval L from initiation to death being made up of both latent period and clinical stage. Cigarette smoking or air pollution may act upon the lung or bronchus once the latent stage has advanced sufficiently and may accelerate the growth from that time onwards, resulting in a shorter period than the average and earlier death than would have occurred otherwise. In non-smokers the period L might be much above the average. Such a hypothesis could account for a number of facts which seem hardly compatible with the current theory and it is worth while to examine its implications in more detail. rise (2266 in 1946-50 and 2384 in 1951-55), until 1956-60 when it increased to 2634, as shown by the graph in Fig. 4 . Whilst smoking frequency was rising the effects of each increase were first evident among young persons and then extended to older men, and this is reflected in the ratios of deaths to surviving susceptibles above the broken line in the table which marks the position in 1950. In the cohort (a) of men born in 1896-1900 they were aged 30-50 when smoking frequency was rising rapidly and their fatality ratio of number dying in a year to number at risk remained around 0O15; in the next cohort (b) the ratio increased whilst the men were about age 35 and then remained around 0-25 from that age to 50. In cohort (c) born in 1906-10 the ratio increased progressively to 0-41 by age 45 and 0-64 by age 50; and in the last cohort (d) born in 1911-15 the ratio rose to 0-68 during 1946-50 when the men were aged 35-39.
After 1950, by which time diagnostic recognition of the disease and smoking frequency among men had become virtually stable, the fatality ratios of annual deaths to surviving susceptibles in the cohort born in 1906-10 fell with advancing age from 0-64 at 45-49 to 0 44 at 55-59, and in those born in 1911-15 it fell from 0-58 at 40-44 to 0-42 at 50-54. This means that the annual rates of dying among the susceptibles at ages 40-, 45-, 50-, 55-59 averaged 58, 56, 47 and 44 per 100 living whereas the death rates at those ages were 25, 58, 123 and 230 per million. According to current ideas the steep rise in mortality rates between age 40 and 60 would be attributed vaguely to an increasing liability of men to develop lung cancer as they grow older, but according to the hypothesis under consideration it has nothing to do with " ageing " but results from the accumulating susceptibles in the population. The numbers of these are rising rapidly with advancing age so that despite an almost constant fatality ratio the total deaths which occur among them also increases.
The hypothesis supposes that the fatality ratios are enhanced by smoking and air pollution which accelerate the fatal termination of the latent stage. In places therefore where there are more heavy smokers this would lead to more deaths at an early age, depleting the numbers of susceptibles surviving to later ages and leaving fewer to die in those age groups. This would lower the ratio of death rate at [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] to that at 35-44 as actually observed in Sections 1 and 2 of this paper.
The ratios of cumulative deaths to cumulative number of men in each cohort who had become susceptible to lung cancer L years before the end of each age period are shown at the foot of Table XV, the position about year 1950 being indicated by a broken line. Before that date this ratio tended to rise with advancing age in each cohort but after 1950 it was remarkably constant around 075 in the last 3 cohorts. It is reasonable to expect that about a quarter of the men who had become susceptible to lung cancer would by avoidance of the extraneous accelerating factors escape dying of the disease.
Summary of evidence supporting the hypothesis Some of the facts which seem incompatible with current ideas about the role of smoking and air pollution on lung cancer causation but which could be explained by the hypothesis of limited susceptibility and aggravation by extraneous irritants in the late stages of evolution of the cancer are recapitulated below:
(1) In cities such as Dublin where about a third of the men aged 55-64 have smoked over 20 cigarettes per day for 30 years only one tenth of such men die eventually from lung cancer;
(2) In areas with more heavy smokers and in countries where the level of cigarette consumption had been high 10 years before, the death rates from the disease at ages 35-44 tend to be enhanced relatively to those at 55-64; (3) Whilst the death rate of male cigarette smokers in country areas rises progressively with the intensity of smoking, in one large city with much air pollution the rate ceased to rise when the smoking average exceeded about 30 cigarettes per day; (4) The proportion who have smoked 30 or more cigarettes daily among all men dying of lung cancer does not increase with age but tends to fall although the duration of their smoking increases with age;
(5) The risk of dying from the disease falls off within a few years after cessation of cigarette smoking; (6) According to the hypothesis that only a proportion develop a susceptibility the rate of dying among the surviving susceptibles since 1950 has stabilised at about one half annually at ages after 40 and the steep mortality gradient in the whole population as age advances is not attributable to ageing but is explained simply by the increasing number of susceptibles appearing in the population; (7) Since 1950 the ratio of cumulative deaths to cumulative susceptibles has, according to the hypothesis, become constant at about three-quarters, implying that one out of four of the men at risk had escaped dying of lung cancer; (8) Multiple correlations between death rates from lung cancer and combinations of the consumption of cigarettes and of solid fuel in different countries exceed 0.8 at ages 35-44 among men but are smaller at higher age groups.
In the present climate of opinion the risk at any age of developing lung cancer is supposed to be unalterable for those who have been smoking cigarettes heavily for 20 years, but according to the new hypothesis the risk will be reduced if cigarette smoking is stopped by age 30, and the safest course for youths if they must smoke cigarettes would be to smoke not more than 10 per day until age 25 and then change to pipe smoking only, which carries little risk. Current ideas which account in part for the poor response to advice to curb cigarette smoking may be wrong, and if they are they ought to be proved to be so by epidemiological studies designed to settle the matter. Possible rewards in cancer prevention from such studies are large and they ought not to be discouraged by apathy or by the cost and labour they involve.
SUMMARY
(1) Simultaneous surveys of cigarette smoking and of the amounts of polycyclic hydrocarbons and trace elements in the air throughout a year have been made in 6 European cities and 2 areas of Wales. The results when correlated with the death rates from cancer of the lung and bronchus yielded substantial and independent relations with the smoking and air pollution indices.
(2) When published data from 19 countries of the consumption of cigarettes per adult and consumption of solid and liquid fuels per capita in various years were compared with the lung cancer death rates notable correlations were found both with smoking and solid fuel but none with liquid fuel.
(3) Analysis of the death rates from lung and stomach cancer and bronchitis since 1921 in conurbations of England compared with the surrounding regions shows that after allowing for differences in social and other factors a large urban excess of lung cancer remains which must be attributed to air pollution.
(4) When lung cancer death rates in cohorts of men born since 1896 are matched with the numbers expected from a hypothesis that the cancer is started after a series of 5 cell changes which progressively add susceptible individuals to the population according to a probability formula, good agreement results if there is an average latent interval between initiation and death of 21 years in mid-life or rather less before 35 and after 55. If smoking and air pollution act by accelerating the final stages of growth in those susceptibles who have reached an advanced point in the latent interval, this would explain many observed facts which are not compatible with the current view that everyone is liable to lung cancer.
